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ABSTRACT -- Distance sampling is a method of estimating population abundance 
and density used by wildlife biologists for several species because of its 
advantages relative to other techniques. However, few wildlife biologists have 
used distance sampling to estimate abundance of white-tailed deer (Odocoileus 
virginianus). We describe a distance sampling technique used to estimate pre-
hunt and post-hunt population densities of deer in Watonwan County, Minnesota. 
Estimates of white-tailed deer density were compared between distance sampling 
versus population modeling, and costs for distance sampling versus aerial surveys 
were determined. We drove 2,704 km during 24 spotlight surveys conducted from 
21 October to 28 December 2004. We observed 537 white-tailed deer during the 
pre-hunt period and 620 deer during the post-hunt period. Estimates of white-tailed 
deer density obtained via distance sampling were more than three times larger than 
estimates derived by population modeling. Costs for aerial surveys would have 
been four times greater than costs for distance sampling surveys. We concluded 
that wildlife biologists should consider implementing distance sampling for 
estimating deer density because of the advantages and lower costs of distance 
sampling relative to other techniques. 
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Wildlife biologists need reliable estimates of white-tailed deer (Odocoileus 
virginianus) density to facilitate management decisions. Several field-based 
techniques exist for estimating densities of white-tailed deer, such as aerial surveys 
(Stoll et al. 1991, Nielsen et al. 1997b, Potvin et al. 2005), mark-recapture or mark-
resight analysis (McCullough and Hirth 1988, Nielsen et al. 1997a, Lopez et al. 
2004), and thermal infrared surveys (Belant et al. 2000, Haroldson et al. 2003). Some 
techniques, especially aerial surveys, have been used by state wildlife agencies for 
decades to estimate population density of white-tailed deer (Osborn et al. 2003). 
However, survey methods frequently need updating as more advantageous 
alternatives become available. 
Distance sampling is a technique that shows considerable promise for 
estimating density and abundance of wildlife. Briefly, distance sampling is based 
on the concept that not all animals will be observed during surveys due to visibility 
bias caused by visual impeliiments and observer error (Buckland et al. 2004); these 
problems plague other survey methods (Beringer et al. 1998, Haroldson et al. 2003). 
In distance sampling, a detection function is generated that estimates how 
detection of objects changes with increasing distance from the observer. The 
detection function is then used to estimate the area sampled, and density is 
computed as the number of animals observed divided by the area sampled 
(Buckland et al. 2004). 
Distance sampling (formerly line transect sampling) is not a new technique for 
estimating population abundance and density (Burnham et al. 1980, Gogan et al. 
1986). However, only recently has a rigorous theoretical basis been formulated and 
tested for estimating the abundance of wildlife populations by using distance 
sampling (Buckland et al. 1993, Buckland et al. 2001, Buckland et al. 2004). Several 
publications have described and tested the use of distance sampling for wildlife 
(Thompson et al. 1998, Focardi et al. 2002, Swann et al. 2002, Norvell et al. 2003, 
Ruette et al. 2003). In fact, program DISTANCE 4.0 (Thomas et al. 2002) has been 
downloaded by more than 6,200 users during the last three years (http:// 
www.ruwpa.st-and.ac.ukldistance/distanceusers.html). 
Despite the apparent advantages and widespread use of distance sampling 
methods, there is a paucity of information regarding the use of distance sampling 
to estimate population density of white-tailed deer. Such information would be 
useful for state wildlife agencies that are charged with managing deer populations. 
For example, the Minnesota Department of Natural Resources uses population 
modeling (Grund and Woolf 2004) and aerial surveys (Osborn et al. 2003) to 
estimate white-tailed deer density. However, aerial survey costs are problematic 
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and population models are difficult to calibrate, necessitating the consideration of 
other methods of estimating white-tailed deer populations. Our objectives were to 
1) describe a distance sampling survey to estimate population density of white-
tailed deer in Watonwan County, Minnesota; 2) compare estimates of white-tailed 
deer density derived from distance sampling versus population modeling; and 3) 
compare survey costs for distance sampling versus aerial surveys. 
STUDY AREA and METHODS 
We conducted distance sampling surveys for white-tailed deer in Watonwan 
County, Minnesota, which is located in the south-central portion of the state. 
Watonwan County is dominated by cropland (92%), primarily com (Zea mays) and 
soybeans (Glycine max), with relatively little grassland, forest, and marshland 
cover (Minnesota Gap Land Cover 2000). The 30 year average temperature 
recorded at the Minneapolis International Airport, which is approximately 125 km 
northeast ofWatonwan County, ranges from -S.9°C in winter to 21.6°C in summer. 
Average precipitation in the winter and summer is 122 cm (primarily snowfall) and 
28.4 cm (rainfall), respectively (htt]l://www.noaa.gov). Watonwan County is 314 m 
above sea level and changes in elevation are relatively minor. 
We conducted 24 road-based distance sampling surveys from 21 October to 
28 December 2004. Twelve surveys were conducted prior to the regular firearms 
white-tailed deer season (21 October - 4 November) and 12 surveys were 
conducted after the hunting season (15 November - 28 December). Although we 
recognize that distance sampling methods prefer randomly placed transects 
(Buckland et al. 2001), this was not logistically possible with driving surveys (i.e., 
we were constrained by road placement on the landscape). We therefore selected 
routes within Watonwan County that have been used traditionally by the 
Minnesota Department of Natural Resources for other wildlife surveys; these roads 
have been used as such because they accurately represent wildlife habitat 
available in Watonwan County. We do not think our road-based surveys were 
biased because 1) we were traveling through representative habitat, 2) white-tailed 
deer distribution did not seem to be affected by road presence, and 3) white-tailed 
deer behavior was not affected by the presence of pickups on roads. Other 
assumptions of distance sampling include objects on transects always are detected 
and distances are measured accurately (Buckland et al. 2001). Although we did not 
experimentally test these assumptions, they were largely met as we carefully 
watched for and counted white-tailed deer directly on the road and used laser 
rangefinders to measure distances accurately. 
Surveys were conducted from 1700 to 2300 hr. During surveys, two 
observers searched for white-tailed deer by using hand-held spotlights while a 
pickup truck traveled two east-west transects approximately 40 km in length, at 
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speeds less than 32 km/hr. We varied our starting point every night to reduce the 
probability of observing the same white-tailed deer in the same places at 
corresponding times of the survey. Observers determined distance to centers of 
white-tailed deer clusters (i.e., groups) with a laser range finder and determined 
angles to centers of clusters with a prismatic compass. Clusters were separated by 
using nearest neighbor criterion (LaGory 1986) and location of white-tailed deer 
and their behavior. In general, a group of white-tailed deer behaving similarly in 
close proximity to each other was considered a cluster. We also measured 
distances from observers to white-tailed deer clusters and noted whether animals 
were observed in cropland, forest, or grassland cover types. A two-way ANOYA 
and post-hoc Tukey tests were used to test survey period effects, cover type 
effects, and their interactions on distance-to-white-tailed deer and cluster size data. 
We used SAS (SAS Institute 1999) for all statistical analysis (P = 0.05 throughout). 
We used the program DISTANCE 4.0 (Thomas et al. 2002) to estimate 
population densities of white-tailed deer for both pre-hunt and post-hunt periods. 
We analyzed data as suggested by Buckland et al. (1993: 139-140), by 1) examining 
initial histograms of sighting distance versus count frequency data to determine 
appropriate truncation of outliers to improve estimation of the detection function, 
2) analyzing candidate data sets and choosing the best-fit model of the detection 
function, 3) pooling sighting data categories to improve model fit, and 4) assessing 
cluster size bias. Half-normal cosine functions were performed in Distance 4.0 and 
the best model was chosen based upon minimum Akaike Information Criterion 
values. 
Distance sampling estimates were compared to output derived from a 
population model used by the Minnesota Department of Natural Resources for two 
corresponding permit areas in Watonwan County. The population model is an 
accounting procedure that subtracts losses, adds gains, and keeps a running total 
of the number of animals alive in various sex-age classes during successive periods 
of the annual cycle. The white-tailed deer population is partitioned into four sex-
age classes (i.e., fawns, adults, males, and females), and the 12 month year is 
divided into four periods representing various biological events in a white-tailed 
deer's life (i.e., hunting season, winter, reproduction, and summer). Grund and 
Woolf (2004) provide a more detailed description of the structure and function of 
this model. 
We did not actually perform aerial surveys as part of our project, but 
compared costs between previously flown aerial surveys and distance sampling 
conducted during our study. We recorded all costs (i.e., personnel, mileage, and 
gas) associated with distance sampling and costs of conducting aerial surveys 
over the exact same study area (i.e., flying helicopter over our road transects). 
Costs for distance sampling were calculated based on time associated with 
observing 60 clusters of white-tailed deer for each survey period, which is the 
minimum number necessary for an accurate estimate of density (Buckland et al. 
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2001). Both survey methods required two observers at $1 O/hr. Aerial survey costs 
were based on previous helicopter quadrat surveys (Siniff and Skoog 1964, Evans 
et al. 1966, Bartmann et al. 1986) conducted by the Minnesota Department of 
Natural Resources (Osborn et al. 2003). Unfortunately, the permit areas upon 
which our distance sampling surveys were conducted were not flown during 2004. 
RESULTS 
Mean time spent afield per survey during pre-hunt and post-hunt periods 
was 4.4 (SD = 0.7) and 3.5 hours (SO = 0.4), respectively. We observed 259 clusters 
of white-tailed deer (53 7 individuals) during the pre-hunt period and 214 clusters 
(620 individuals) during the post-hunt period. Mean cluster size during pre-hunt 
and post-hunt periods was 2.1 (SE = 0.1) and 2.9 white-tailed deer/cluster (SE = 0.2), 
respectively. A half-normal key estimator was selected by using DISTANCE 4.0, 
and the pre-hunt estimate of density was 7.0 white-tailed deer/km2 (SE = 2.0) and 
the post-hunt estimate was 5.0 white-tailed deer/km2 (SE = 2.0), representing a 28% 
reduction in white-tailed deer density during the harvest period. The 2004 
simulation model calculated by (he Minnesota Department of Natural Resources 
resulted in a pre-hunt density of 1.9 white-tailed deerlkm2 and a post-hunt estimate 
of 1.5 white-tailed deer/km2, representing a 21 % reduction in white-tailed deer 
density during the harvest period. 
There was a simple habitat effect during the post-hunt survey period (F
2463 
= 
12.9, P < 0.01); more white-tailed deer (P < 0.05) were observed in tallgrass ~over 
during the post-hunt period than in forest or cropland cover (Fig. 1). White-tailed 
deer were observed in equivalent numbers in all cover types during the pre-hunt 
period (F
2
,463 = 0.6, P > 0.05). Distances from observer to clusters were less (P < 
0.05) during the pre-hunt period (mean = 128 m, SE = 5) than the post-hunt period 
(mean = 145 m, SE = 7). During the pre-hunt period, white-tailed deer were 
observed at greater distances (P < 0.05) in cropland cover (mean = 153 m, SE = 6) 
than in forest cover (mean = 123 m, SE = 11) or tall grass cover (mean = 108 m, SE = 
5; Fig. 2). 
The cost of conducting distance sampling was $1,225. Fifty-eight total hours 
of labor were required ($580), and vehicle mileage and gas was $645. Costs for 
aerial surveys over the same study area would have been $4,200: $700 for lodging, 



















Figure 1. Mean cluster si~s (SE) of white-tailed deer by cover type and survey 















Figure 2. Mean distances (SE) between observers and deer by cover type and 
survey period, Watonwan County, Minnesota, 21 October to 28 December 2004. 
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DISCUSSION 
Comparisons among methods of estimating population abundance and 
density are critical for improving biologists' ability to understand and manage 
wildlife populations (Belant and Seamans 2000, Haroldson et al. 2003). We report 
considerable differences between estimates of white-tailed deer density obtained 
from distance sampling versus a population model. Specifically, estimates of white-
tailed deer density were more than three times greater for distance sampling than 
the population model. These findings have considerable implications for wildlife 
managers. For example, if white-tailed deer density is underestimated, harvest 
levels might be set too low, which might unwittingly promote white-tailed deer 
overabundance. We can not be sure which estimator is closer to the true density 
of white-tailed deer on our study area. However, the well-founded statistical 
advantages of distance sampling (Buckland et al. 2001) likely make this method 
relatively accurate. This is especially true given that the population model we used 
is admittedly imperfect and requires periodic updates with new data (Grund and 
Woolf2004). 
For both distance sampling.and population modeling, post-hunt densities of 
white-tailed deer were lower than pre-hunt densities, and the relative magnitudes of 
differences were nearly the same for each estimation method. These reductions in 
population density are somewhat consistent with studies reporting rate of mortality 
caused by hunting (Nelson and Mech 1986, DelGuidice et al. 2002). We might have 
concluded that the population had increased after the hunting season if we just 
conducted spotlight surveys (537 white-tailed deer observed during pre-hunt and 
620 white-tailed deer observed post-hunt). Because of crop harvest and leaf drop 
we observed more white-tailed deer (n) during the post-hunt period. However, we 
also sampled a larger area (a) during the post-hunt period due to our ability to see 
greater distances. Thus, the estimated post-hunt population density (D) was lower 
than the pre-hunt density even though we observed more white-tailed deer during 
the post-hunt period (D = n/a). This example illustrates how the detection function 
accounts for items such as crop harvest and other changes in vegetative 
phenology that might differ seasonally (Buckland et al. 2004). 
We recommend wildlife managers consider using distance sampling to 
estimate population density of white-tailed deer in North America. During the past 
decade, distance sampling has been used in more than 120 countries worldwide to 
estimate density and abundance of hundreds of wildlife species (http:// 
www.ruwpa.st-and.ac.ukldistance/distanceusers.html;AndersonetaI.1983.Com 
and Conroy 1998, Tomas et al. 2001, Focardi et al. 2002, Perez et al. 2002, Dique et 
al. 2003, Ruette et al. 2003). Distance sampling contains very low bias (i.e., 
difference between the estimate and true population size) as determined by several 
studies that compared distance sampling estimates to known numbers of animals; 
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these studies commonly report distance sampling estimates within 15% of the true 
population size (Buckland et al. 1993, Anderson et al. 2001). In addition to this 
fundamental advantage of distance sampling, we indicated several other reasons 
why wildlife managers should consider distance sampling surveys for white-tailed 
deer. 
Our study suggested that distance sampling might be a cost-effective 
alternative to aerial surveys; however, we think more research is warranted to 
substantiate that conclusion. Aerial surveys are a very popular white-tailed deer 
survey method (Stoll et al. 1991, Beringer et al. 1998, Potvin et al. 2005) and one 
used frequently by the Minnesota Department of Natural Resources (Osborne et al. 
2003). However, there are several disadvantages to using aerial surveys to 
estimate population size of white-tailed deer. First, aerial surveys require adequate 
snow cover (more than 10 cm) uniformly distributed across the landscape during 
the entire sampling period. This dependence on snow cover restricts use of this 
method to a very narrow winter period for many portions of the United States. Any 
patches of soil not covered by snow will hide white-tailed deer; hence, without 
snow cover, detection rates are only 36 to 75% (DeYoung 1985). Second, visibility 
of white-tailed deer is made difficult by thick ground cover. Brushy areas or dense 
conifer stands will conceal.white-tailed deer, and even though a plane or helicopter 
is flying over, white-tailed deer might hide in these areas and not be observed. 
Third, even with complete snow cover and high deer visibility, aerial survey 
estimates often underestimate number of white-tailed deer on the ground by more 
than 20% (Beringer et al. 1998). Hence, the primary problem with aerial surveys is 
that white-tailed deer will be missed, and frequently the proportion missed is 
entirely unknown. Furthermore, aircraft might not always be available concomitant 
with snowfall, which poses an additional problem to the use of aerial surveys. 
Distance sampling avoids many of the disadvantages of aerial surveys. First 
and most importantly, distance sampling allows 60 to 80% of individuals to be 
missed during surveys and still obtain robust (i.e., unbiased) estimates of the true 
population size (Buckland et al. 1993). Second, distance sampling surveys can be 
performed at any time during the year because they are not dependent on adequate 
snow cover; distance sampling only requires that conditions facilitate accurate 
vision (i.e., no fog or rain). Third, information on sex and age ratios can be 
obtained during distance sampling counts. Hence, distance sampling represents a 
statistically rigorous and tested technique of population estimation that does not 
rely on the presence of adequate snow. 
Our results also suggested a strong financial incentive to use distance 
sampling relative to aerial surveys, as the latter was four times more costly than the 
former. Many wildlife agencies still use spotlight surveys, which provide only 
index data (McCullough 1982). Only minor changes in methodology (i.e., collecting 
distance and angle data) would be necessary to enhance spotlight estimates from 
indices to actual population density. 
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Finally, in addition to white-tailed deer density, additional data can be 
collected during distance sampling surveys that can lend insight into white-tailed 
deer ecology. Cluster sizes of white-tailed deer were greater after the hunting 
season than before, even after white-tailed deer had been removed via harvest. 
This is likely due to white-tailed deer group size increasing in the winter months 
(Marchinton and Hirth 1984). Further, more white-tailed deer were observed in 
tall grass cover during the post-hunt period than in forest or cropland cover. 
During the post-hunt period, white-tailed deer were likely feeding on grass, which 
is a preferred late-fall and early winter food item (Whittaker and Lindzey 2004). 
Hence, the benefits of distance sampling are not only for estimating density, but 
also collecting observational data that can be used to understand white-tailed deer 
social organization or for habitat analyses. 
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Burrowing Owl Associations with 
Black-tailed Prairie Dog Colonies in 
Southwestern Kansas and Southeastern 
Colorado 
STEPHEN L. WINTER! and JACK F. CULLY, JR. 
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University, Stillwater, OK 74078 (SLW) 
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ABSTRACT -- We quantified the use of black-tailed prame dog (Cynomys 
ludovicianus) colonies as habitat for the burrowing owl (Athene cunicularia) in 
southwestern Kansas and southeastern Colorado. We used incidental sightings 
and breeding season avifauna surveys to document the presence of the burrowing 
owl on black-tailed prairie dog colonies, non-colonized rangeland, and cropland 
during the spring and early summer. Burrowing owl rarely was observed on non-
colonized rangeland and cropland sites, and black-tailed prairie dog colonies 
appear to be used substantially as a habitat type for the burrowing owl in the 
region encompassing Cimarron and Commanche National Grasslands in Morton 
County, Kansas, and Baca County, Colorado, respectively. 
Key words: Athene cunicularia, burrowing owl, black-tailed prairie dog, Colorado, 
conservation, Cynomys ludovicianus, Kansas. 
The burrowing owl (Athene cunicularia) is a ground-dwelling owl of the 
grasslands and deserts of southcentral Canada, the western United States, Florida, 
Mexico, Central America, and the Caribbean (Haug et al. 1993). Western burrowing 
owl reportedly is capable of excavating its own burrows, which are used for 
roosting and nesting, but rarely do so, typically relying on the burrow-creating 
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activities of other animals (Haug et al. 1993). In the Great Plains, burrowing owl often 
uses burrows that have been abandoned by the black-tailed prairie dog (Cynomys 
ludovicianus) and will sometimes use burrows that are being used actively by the 
black-tailed prairie dog as well (Butts 1976, Haug et al. 1993, Desmond and Savidge 
1999). Declining burrowing owl populations have been correlated with declining black-
tailed prairie dog populations (Desmond et al. 2000). The use of black-tailed prairie dog 
colonies as habitat for burrowing owl populations in the Great Plains has been 
highlighted by others (Butts 1976, Desmond et al. 2000, Orth and Kennedy 200 I, Sidle 
et al. 2001), but few studies simultaneously have quantified burrowing owl use of both 
black-tailed prairie dog colonies and non-colonized habitats (Butts and Lewis 1982, 
Desmond and Savidge 1996). 
Some of the highest densities of burrowing owl recorded during North 
American Breeding Bird Surveys in the Great Plains are within an area encompass-
ing southeastern Colorado, southwestern Kansas, and the Oklahoma panhandle 
(Sauer et al. 2005). During the period 1966-2005, the North American Breeding Bird 
Survey reports negative, but non-significant, trends for the burrowing owl 
throughout its range in North America, in the shortgrass prairie Bird Conservation 
Region as a whole, and in the states of North Dakota, South Dakota, Nebraska, 
Kansas, and Colorado (Sauer et al. 2005). During the same period in Oklahoma 
there has been a significant negative trend for burrowing owl (Sauer et al. 2005). 
Declines of specific populations of burrowing owl have been reported from multiple 
locations in the Great Plains (James and Espie 1997, 13 states and provinces; 
Desmond et al. 2000, Nebraska; Murphy et al. 2001, North Dakota). 
Burrowing owl has been assigned a global conservation status rank of G4, 
which indicates the species is "apparently secure" throughout its range, although 
global short-term trends are negative (Nature Serve 2006). In Kansas, the status of 
the burrowing owl as a breeding species is S3B (vulnerable), in Colorado its status 
is S4B (apparently secure), and in Oklahoma its status is S2 (imperiled; NatureServe 
2006). In conjunction with comprehensive research examining the ecology of 
black-tailed prairie dog ecosystems in the shortgrass prairie landscapes of 
southwestern Kansas and southeastern Colorado (Kretzer 1999, Kretzer and Cully 
200 I a, Kretzer and Cully 200 I b, Winter et al. 2002, Winter et al. 2003), we collected 
data to determine the use of black-tailed prairie dog colonies as habitat for the 
burrowing owl. 
METHODS 
In 1996 and 1997, we collected data on habitat associations of burrowing owl 
in southwestern Kansas and southeastern Colorado. Data were collected on the 
Cimarron National Grassland in Morton County, Kansas, Comanche National 
Grassland in Baca County, Colorado, and on private lands adjacent to or near the 
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national grasslands in both counties. Study sites were located in upland areas 
characterized by loamy and silty loam soils within the Richfield-Ulysses associa-
tion, with slopes from 0 to 6% (Dickey et al. 1963). Dominant vegetation of black-
tailed prairie dog colonies in the study area consisted of the perennial grasses 
purple three-awn (Aristida purpurea), blue grama (Bouteloua gracilis), and 
buffalograss (Buchloe dactyloides) (Winter et al. 2002). The dominant vegetation 
of non-colonized rangeland consisted of blue grama and buffalograss, but in some 
cases sideoats grama (Boulelaua curtipendula) occurred as a co-dominant as well 
(Winter et al. 2002). Most private land surrounding Cimarron National Grassland in 
Kansas was cropped, but some areas remained in perennial grass cover and, as at 
the grasslands, most was grazed by cattle (Bos taurus). A higher proportion of 
private land surrounding Comanche National Grassland in Colorado remained in 
perennial grass cover and most of that was grazed by cattle as well. 
From 22 May to 12 July, 1996, we recorded the location of all burrowing owl 
incidentally sighted during travel to and from field sites and during all field-work 
activities. The prevailing habitat type of each location was noted (black-tailed 
prairie dog colony, non-colonized rangeland, cropland; Winter 1999). These 
surveys were not systematic and observations of burrowing owl were located 
coincidentally to other activities. • 
During 1996 and 1997, we recorded the presence of burrowing owl within strip 
transects (200 m wide) during breeding season (27 May to IS June) avifauna surveys of 
black-tailed prairie dog colonies and non-colonized rangeland (Winter et al. 2003). Strip 
transects varied in length from 0.40 to 1.60 km. In 1996, we surveyed 12.5 km of 
transects on eight black-tailed prairie dog colonies and S.5 km of transects at five non-
colonized sites. In 1997, we surveyed 11.3 km of transects on 13 black-tailed prairie dog 
colonies and 23.3 km of transects at 14 non-colonized sites. 
In 1997, we also recorded the presence of burrowing owl anywhere within a 
study location during breeding season avifauna surveys, regardless of whether the 
individuals were within or outside the 200 m strip transects used during the survey 
(Winter 1999). Black-tailed prairie dog study sites used during breeding bird 
surveys in 1997 represented approximately 555 ha of habitat, while non-colonized 
rangeland represented approximately 592 ha of habitat. 
RESULTS 
In 1996, our incidental observations recorded burrowing owl at 22 black-tailed 
prairie dog colonies on 36 separate occasions. We observed burrowing owl on 
only two non-colonized rangeland sites on two separate occasions. We observed 
a burrowing owl on one occasion at a cropland site. In all instances where 
burrowing owl was observed on non-colonized rangeland or cropland sites, the 
non-colonized site was adjacent to a black-tailed prairie dog colony. The number 
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of burrowing owl observed at each location during any single observation event 
ranged from I to 5 individuals for the black-tailed prairie dog colonies, but only one 
burrowing owl was observed at each of the non-colonized rangeland sites and at 
the cropland site. 
During breeding season avifauna surveys in 1996, we detected seven 
burrowing owl within strip transects on black-tailed prairie dog colonies (mean = 
0.98 individuals/km; SE = 0.76), while none were detected within strip transects on 
non-colonized sites (Table I). In 1997, we again detected seven burrowing owls 
within strip transects on prairie dog colonies during breeding season avifauna 
surveys (mean = 0.54 individuals/km; SE = 0.24), while no burrowing owl was 
detected within strip transects on non-colonized sites (Table I). Also in 1997, we 
recorded a total of 60 burrowing owl, regardless of whether they were inside or 
outside a strip transect, during breeding season avifauna surveys. Fifty-six of 
these were within 17 black-tailed prairie dog colony study sites, while only four 
burrowing owl were detected at two non-colonized rangeland sites. 
Table 1. Results of breeding ;eason avifauna surveys along strip transects in 
black-tailed prairie dog colonies and non-colonized sites in Morton County, 
Kansas, and Baca County, Colorado. Relative abundance is individuals of 
burrowing ow IIkm of transect. 
Year Habitat Number of Burrowing Owls Relative Abundance 
Detected (mean ± SE) 
1996 prairie dog colonies 7 0.98 ± 0.76 
1996 non-colonized sites 0 0 
1997 prairie dog colonies 7 0.54 ± 0.24 
1997 non-colonized sites 0 0 
DISCUSSION 
In the region of our study sites, black-tailed prairie dog colonies appeared to 
be the primary location of burrows suitable for use by burrowing owl. We 
observed no evidence of burrowing by the American badger (Taxidea laxus) 
during two field seasons in Morton and Baca counties, nor were individuals ever 
sighted. We frequently observed coyote (Canis lalrans) in our study area but 
only two coyote dens were located during our study period. During the same time 
period swift fox (Vulpes velox) rarely was encountered in our study area (c. Roy, 
Kansas Department of Wildlife & Parks, personal communication). Indeed, during 
two field seasons in our study area, we recorded only one instance of a burrowing 
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owl using a burrow not located in a prairie dog colony. This burrow was located in 
a non-colonized rangeland site and its use was confirmed by the presence of 
regurgitated pellets, excrement, and a freshly-killed juvenile mouse at the entrance. 
Although black-tailed prairie dog colonies occupied less than 2% of the land 
area at Cimarron National Grassland in Morton County in 1997 (1. Chynoweth, 
USDA Forest Service, personal communication), their use by burrowing owl during 
the breeding season appears to have been substantial. During the period of 2004 
to 2006, black-tailed prairie dog colonies occupied approximately 5% of the land 
area at Cimarron National Grassland (A. Chappell, USDA Forest Service, personal 
communication). While the land area occupied by black-tailed prairie dog at 
Cimarron National Grassland has increased relative to when we collected data, an 
outbreak of sylvatic plague (Yersinia pestis) began in 2005 and continued during 
2006 (Cully, unpublished data). Sylvatic plague was first documented at Cimarron 
National Grassland in 1997 (Cully et al. 2000). Black-tailed prairie dog is highly 
susceptible to plague and outbreaks often result in colony populations being 
completely extirpated or reduced greater than 99% (Cully and Williams 2001). 
Burrowing owl population declines have been correlated to population declines in 
black-tailed prairie dog populations caused by poisoning of black-tailed prairie dog 
(Desmond et al. 2000), so possibly the severely negative impact of sylvatic plague 
on black-tailed prairie dog could have a corresponding negative impact on 
burrowing owl. However, our observations indicate that recovery of black-tailed 
prairie dog populations from sylvatic plague is relatively rapid so impacts on 
burrowing owl numbers might not be significant. This remains a critical 
management question. 
Our data indicate that burrowing owl is dependent highly on black-tailed 
prairie dog colonies for suitable habitat in the region of the Cimarron and 
Comanche National Grasslands in southwestern Kansas and southeastern Colo-
rado. This further validates the importance of prairie dog conservation efforts. 
Black-tailed prairie dog serves as a keystone species (Kotliar et al. 1999), not only 
for burrowing owl, but to the maintenance of biodiversity within the Great Plains. 
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Optimal Foraging in Eastern Fox 
Squirrel: Food Size Matters for a 
Generalist Forager 
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ABSTRACT -- Classical optimal foraging theory (OFT) predicts that an animal 
forages optimally when it chooses foods with the highest energy benefit or 
minimizes time searching for and handling food. r evaluated OFT by presenting 
eastern fox squirrel (Sciurus niger) multiple food items (i.e., sunflower seeds and 
• fruits) in various density combinations. When the choice was between foods of 
equal energy benefits but different costs, they chose forage items with greater 
costs, seemingly not foraging optimally. However, individuals showed a partial 
preference for food items which minimized search time, but not handling time. The 
eastern fox squirrel also was found to be a generalist forager with a preference for 
larger food. Thus, food size might be a cue that usually leads to optimal foraging. 
Key words: Eastern fox squirrel, optimal foraging theory, Sciurus niger, sunflower. 
Based on the theory of natural selection, optimal foraging theory (OFT) 
attempts to explain feeding strategies of herbivores and carnivores. According to 
MacArthur and Pianka (1966), natural selection produces feeding strategies (e.g., 
food selection, feeding location, time, and duration) that optimize energy gains. 
Several reviews of OFT have been published, the latest by Cezilly and Benhamou 
(1996), who describe the classical model of OFT as food choices which minimize 
search and handling time, while maximizing average energy gained. Under the 
classical model, rate of energy gain is a function of Er / (Ts + Th); where Er is net 
energy gain, Ts is search time, and Th is handling time (Stephens and Krebs 1986). 
The classical OFT model predicts that if a forager is offered two food types 
containing equal energy but differing in average search and handling time, food 
IE-mail address: rotatina@dwu.edu 
78 The Prairie Naturalist 39(2): June 2007 
types with lower search and handling times will be selected. Except for studies by 
Steele and Weigel (1992) and Smith and Briggs (2001), who reported handling times 
for different foods, no eastern fox squirrel (Sciurus niger) study has included both 
search and handling times in assessing food choice decisions. 
Pyke (1984) reported that foragers might not always optimize energy gains as 
they make food choices. Instead they might be avoiding toxins, or seeking 
essential nutrients. In such cases, the classical OFT model might be an 
oversimplification. In fact, Brown and Morgan (1995) categorize the classical OFT 
model into three general feeding strategies: 1) an expanding specialist -- a forager 
who specializes on one food type until it falls below some threshold value at which 
point it begins to include other food types in its diet; 2) a micropatch partitioner -
- one who has the ability to subdivide its feeding patches into smaller areas than 
were intended by the researcher; and 3) a generalist -- one who consumes any food 
type it encounters. Knowledge of eastern fox squirrel foraging behavior might lead 
to increased understanding of how distribution and abundance of artificial foraging 
sites might influence survival of urban eastern fox squirrel populations. Thus, the 
objective of my study was to evaluate optimal foraging theory in an urban eastern 
fox squirrel population in eastern South Dakota. 
METHODS 
To determine whether individuals of the eastern fox squirrel made optimal 
foraging decisions when offered foods of equal energy but different search and 
handling times, I exposed randomly selected combinations of confectioner sun-
flower (Helianthus annuus) fruits and seeds to foraging individuals from 0700 to 
1700 hr between 19 August 2002 and 15 May 2003 and between 29 August 2003 
and 30 April 2004. I assumed fruits and seeds contained equal energy because 
they differed only in the presence of the pericarp (i.e., present in fruits and absent 
in seeds). Combinations of fruits and seeds (in grams) respectively were 0 to 10,0 
to 20, 0 to 30, 5 to 0,5 to 10,5 to 20,5 to 30,10 to 0,10 to 20,10 to 30,15 to 0,15 
to 10, 15 to 20, and 15 to 30; fruits and seeds were combined to yield approximately 
equivalent volumes at 15 to 30g. I placed food combinations over 250 cc of beach 
sand and covered each combination with 250 cc of sand in a 2.0 L Pyrex dish (27.9 
cm X 17.8 cm X 7.6 cm). I placed food combinations on an elevated stand 
approximately 30 cm above ground level in a residential backyard in Mitchell, South 
Dakota. At the end of each day, I sifted beach sand to remove uneaten food; 
uneaten food was then weighed by type. Remaining food mass became the giving 
up density (GUD; Brown and Morgan 1995) for each type. 
I determined how the eastern fox squirrel made food choices between forage 
items that differed in size by conducting a set of foraging experiments from 30 
August 2004 until 5 May 2005. I paired confectioner fruits with seeds and with oil 
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sunflower fruits (i.e., oil fruits = smaller, black fruits grown for oil and bird feed) in 
the following IS combinations of confectioner fruits and oil fruits or seeds: ° to 10, ° to 20, ° to 30, 5 to 0, 5 to 10,5 to 20, 5 to 30,10 to 0,10 to 10, 10 to 20,10 to 30, 
IS to 0, IS to 10, IS to 20, and IS to 30 g, respectively. Also, I paired confectioner 
seeds and oil fruits in the following eight combinations: ° to 10, ° to 20, 10 to 0, 10 
to 10, 10 to 20, 20 to 0, 20 to 10, and 20 to 20 g, respectively. I scattered 
combinations of fruits and seeds over 450 cc of beach sand in a 2.8 L Pyrex baking 
dish (33.0 cm X 22.9 cm X 5.1 cm) and then covered the combinations with 900 cc 
of sand. Equivalence of seed and oil fruit size was judged from a Student's t-test 
of the mean mass of 100 food items. 
I used log transformed GUDs and initial food mass to calculate partial preference 
for food types by using the following formula from Brown and Morgan (1995): partial 
preference for food type I = loge (N/R\) / [loge (N/R\) + loge (N2~)] where N\ was the 
GUD for food type I, R\ was the initial mass of food type I, N2 was the GUD for food 
type 2, and R2 was the initial mass of food type 2. I used in calculations only the 
combinations in which both food types were present. I subjected daily partial 
preference values to a one-sample z-test to determine whether average values differed 
from 0.5; values greater than 0.5 indicated a partial preference for food type I, values 
equal to 0.5 indicated no preference' and values less than 0.5 indicated avoidance of 
food type 1 (Brown and Morgan 1995). A forager exhibits partial food preference when 
the proportion consumed is greater than that food's abundance relative to all available 
foods (Brown and Morgan 1995). 
I determined mean search and handling times for forage items by placing 100 
fruits or seeds in 2.8 L Pyrex dishes and burying forage items in beach sand by 
using the same procedure described for the 2004 to 2005 experiments. I recorded 
eastern fox squirrel foraging episodes on VHS tape and subsequently viewed 
episodes with a clock superimposed onto videotapes. I assumed search times 
started when an eastern fox squirrel lowered its head to the sand and ended when 
it raised its head and started to put food to its mouth, at which time handling times 
started immediately and continued until the eastern fox squirrel again lowered its 
head to the sand. I excluded time intervals when an eastern fox squirrel became 
motionless and stopped searching or handling food items. I compared search 
times, handling times, and combined search and handling times for pairs of food 
types by using a Student's t-test. 
To determine if food density influenced food choice, I calculated ratios of 
GUD mass to initial food mass for dishes that contained only confectioner fruits. r 
compared the ratios between smaller dishes (surface area = 486.6 cm2) used in 2002 
to 2003 and 2003 to 2004 and larger dishes (surface area = 755.7 cm2) used in 2004 
to 2005 by using a Student's t-test. 
I performed sodium ion analysis of water extracts of confectioner fruits and 
seeds and oil fruits by using flame atomic absorption spectrophotometry (Olson 
Biochemical Laboratories at South Dakota State University, Brookings, South Dakota) 
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to detennine if eastern fox squirrel forage preference was associated with greater 
amounts of sodium ions. I prepared extracts by swirling 25 g of a food type in 100 mL 
of demineralized water for I-minute followed by vacuum filtration through an acid-
washed 0.45 flm Millipore filter. I compared sodium ion concentrations for the three 
foods by using a one-way ANOV A. 
I detennined general foraging strategies of the eastern fox squirrel by regressing 
partial preference values for confectioner fruits on initial mass of confectioner fruits and 
seeds and oil fruits by using criteria from Brown and Morgan (1995). Statistical 
analyses were perfonned by using Minitab Release 12 software (Minitab 1997). 
RESULTS 
Individuals of the eastern fox squirrel showed a partial preference for 
confectioner fruits in all foraging experiments. During the 2002 to 2003 foraging 
experiment, 61 days yielded non-zero GUO values that could be used in calculating 
partial preference values. Mean partial preference for confectioner fruits with 
confectioner seeds was 0.537 ± 0.010 (SE) (z = 3.59, P = 0.0004, n = 61). A similar 
preference (z = 8.02, P = 0.00001,'11 = 69) was noted in 2003 to 2004 in which a mean 
partial preference for confectioner fruits with confectioner seeds was 0.597 ± 0.012 
(SE). Individuals of the eastern fox squirrel exhibited shorter search times for 
confectioner fruits than seeds (t = 4.92; df= 2342, P = 0.0001), but longer handling 
times (t = 19.71; df= 2890, P = 0.00001) (Table 1). Individuals also spent more total time 
searching for and handling fruits than seeds (t = 2.42; df= 2509, P = 0.015) (Table 1). 
The eastern fox squirrels had a mean partial preference value (0.679 ± 0.005 
(SE)) for the larger confectioner fruits when paired with the smaller oil fruits that 
was significantly greater than 0.500 (z = 35.19, P = 0.00001, n = 97). Mean search 
time for oil fruits (5.79 sec ± 0.32 (SE)) was longer (t = 2.41, df = 744, P = 0.016), 
mean handling time (2.47 sec ± 0.07 (SE)) shorter (t = 19.28, df= 1868, P = 0.000001), 
and total search and handling time (8.25 sec ± 0.33 (SE)) shorter (t= 3.30, df= 812, 
P = 0.001) than for confectioner fruits (Table 1). 
I documented no difference (P > 0.05) in size for confectioner seeds and oil 
fruits (Table 1) and that partial preference values for oil fruits (0.486 ± 0.008 (SE)) 
was not significantly different from 0.500 (z = -1.76, P = 0.079, n = 42). In addition, 
I found no differences in search (t = 1.21, df = 1019, P = 0.23) and handling times (t 
= 0.71, df= 1262, P = 0.48) (Table 1). Similarly, no differences (t = 0.38, df= 31, P = 
0.71) between high food density dishes in years 2002 to 2003 and 2003 to 2004 and 
low food density dishes in 2004 to 2005 were documented. High food density 
dishes had a mean ratio of 0.067 ± 0.015 (SE), and low food density dishes a mean 
ratio of 0.051 ± 0.040 (SE). 
Tatina: Optimal Foraging in Fox Squirrels 81 
Table 1. Mean (± SE) food sizes (g per 100 items) and search and handling times 
(in sec) for confectioner sunflower fruit (CF), confectioner sunflower seed (CS), and 
oil sunflower fruit (OF) fed to Sciurus niger in Mitchell, South Dakota for 9 months 
in 2002 to 2003 and 8 months in 2003 to 2004 and 2004 to 2005. S + H Time = Sum 
of Search Time + Handling Time. Statistically significant differences (P < 0.05) are 
indicated by a common superscripted letter in a column. 
Food Mass Search time Handling time S + H time 
CF 13.06 ± O.ll ab 4.94 ± O.lyh 4.55 ± O.22ab 9.50 ± 0.18ab 
n= 66 n = 1750 n = 1713 n = 1713 
CS 5.51 ±0.19a 6.25 ± 0.22' 2.53 ± 0.60a 8.79 ± 0.23' 
n= 12 n = 1269 n = 1259 n = 1259 
OF 4.08 ± 0.03h 5.79 ± 0.32b 2.47 ± 0.07b 8.25 ± 0.33 b 
n= 19 n = 506 n = 506 n = 506 
Extractable sodium ion amount for each food did not differ (F = 1.07; df= 2, 4; 
P = 0.447) between duplicate samples. Mean (± SE) sodium ion concentration (ug 
Na/g food) for confectioner fruits, confectioner seeds, and oil fruits was 1.53 ± 1.14, 
0.92 ± 0.47 and 3.33 ± 1.73, respectively. When partial preferences for confectioner 
fruits paired with seeds and oil fruits were regressed onto initial food mass, no 
slopes were significantly different from zero (P > 0.05, Table 2); values of r2 ranged 
from 0.001 to 0.22 for 18 regressions. 
DISCUSSION 
When offered a choice between confectioner fruits and seeds or between 
confectioner fruits and oil fruits, the eastern fox squirrel chose confectioner fruits --
the larger item with shorter search time, but longer handling time and longer 
combined search and handling times. A preliminary attempt to determine if shorter 
search time was due to food density as it affects distance between food items 
indicated it was not. When presented choices between confectioner seeds and oil 
fruits, food items of equivalent size and search and handling times, eastern fox 
squirrel showed no preference, supporting the hypothesis that eastern fox squirrel 
food choice is based on food size. Thus, urban individuals of the eastern fox 
squirrel in my study did not appear to optimally forage. 
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Table 2. Slopes of regression line when average partial preference values (PPV CF) 
of Sciurus niger for confectioner sunflower fruits are regressed on initial food 
density (D). The food types are CF = confectioner fruit, CS = confectioner seed, 
and OF = oil seed. No slopes were significantly different from zero (P > 0.05), 
which indicated that eastern fox squirrel was a generalist forager. 
Year Yariables Regressed Slope r P n 
2002-03 PPY CF x DCF (when CS = 109) -0.002 0.009 0.662 23 
2002-03 PPYce x DCF (when CS = 20g) 0.007 0.120 0.166 18 
2002-03 PPY CF x DeF (when CS = 30g) 0.007 0.001 0.884 20 
2002-03 PPYeF X Dcs (when CF = 5g) -0.004 0.220 0.105 15 
2002-03 PPYCF x Des (when CF = 109) 0.002 0.052 0.320 22 
2002-03 PPYCF x Des (when CF= 15g) -0.003 0.038 0.396 24 
2003-04 PPYCF x DCF (when CS = 109) 0.001 0.001 0.913 21 
2003-04 PPY CF x DCF (when CS = 20g) 0.004 0.017 0.594 19 
2003-04 PSYeF x DCF (when CS = 30g) -0.006 0.001 0.893 22 
2003-04 PPYCF x Des (when CF = 5g) -13.64 0.30 0.575 16 
2003-04 PPYn x Des (when CF = 109) -0.003 0.071 0.218 22 
2004-05 PPYCF x Des (when CF = 15g) -0.006 0.002 0.839 29 
2004-05 PPYer x On (when OF = 109) -0.004 0.034 0.344 28 
2004-05 PPYCF x DCF (when OF = 20g) -0.003 0.022 0.384 37 
2004-05 PSYCF x DCF (when OF = 30g) -0.002 0.007 0.650 32 
2004-05 PSYCF x DOF (when CF = 5g) -0.002 0.025 0.401 30 
2004-05 PPYCF x DoF(when CF = 109) -0.001 0.002 0.789 37 
2004-05 PSYCF x DOF (when CF = 15g) -0.002 0.046 0.281 27 
Eastern fox squirrel preference for confectioner fruits over oil fruits might 
have been due to higher lipid content of confectioner fruits, which contain about 
49% lipid (National Sunflower Association) compared to oil fruits, which contain 
about 42% (National Sunflower Association 2006). However, eastern fox squirrels 
showed no preference for the higher lipid-containing item when confectioner seeds 
were paired with oil fruits, which suggested that lipid content was not a proximate 
factor used by eastern fox squirrel in making food choices. 
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Confectioner fruits and seeds and oil fruits are locally available for feeding. 
Oil fruits are the least expensive, specifically sold for feeding birds, and are 
probably fed upon more often by the eastern fox squirrel than the other two foods. 
In my study, the eastern fox squirrel never showed a prefereru::e for oil fruits; 
instead it preferred confectioner fruits or had no preference. Therefore, the eastern 
fox squirrel did not prefer the test food that it would most often encounter in an 
urban environment. 
Although birds forage on sunflower fruits and seeds but were not excluded 
intentionally from feeding dishes, birds were not observed in VHS tapes and were 
rarely observed at forage sites prior to and at the time of experiments. Addition-
ally, the experiment was terminated before avian migrants and summer residents 
returned to the area in the spring. Hence, the effects of birds on GUO's was likely 
minimal. 
Brown and Morgan (1995) found that when sunflower fruits and seeds were 
exploited by eastern fox squirrel, individuals foraged as generalists by consuming 
whatever foods they encountered. These observations are supported by Steele 
and Koprowski (2001), whose list of foods consumed suggested that the eastern 
fox squirrel was an opportunistic and omnivorous forager. 
My results indicated that th~ eastern fox squirrel might not be maximizing 
energy gains as predicted by the classical formulation of OFT (Pulliam 1974, Cezilly 
and Benhamou 1996), which assumes that foragers can assess rate of energy gain 
for multiple variables (i.e., energy content, search time, and handling time). 
Instead, the eastern fox squirrel might be able to assess only one variable while 
foraging. Eastern fox squirrel has been found to maximize food size (present study, 
Brown and Morgan 1995, Shealer et al. 1999), minimize search time (present study, 
Stapanian and Smith 1984), minimize handing time (Smith and Briggs 200 I), 
maximize digestibility (Smith and Follmer 1972), or maximize energy content (Havera 
and Smith 1979). When individuals could assess one of these parameters, their 
foraging behavior changed (Stapanian and Smith 1984), or they made fewer optimal 
foraging errors (Schmidt and Brown 1996). 
Classical formulation of OFT also might oversimplify foraging decisions. For 
example, specific nutrient requirements such as for sodium and/or phosphorous 
might override rate of energy gain (Steele arid Koprowski 200 I). The eastern fox 
squirrel must supplement its diet with sodium because this element is nearly absent 
from foods it consumes. Thus, squirrels often obtain sodium by licking streets and 
sidewalks (Weeks and Kirkpatrick 1978). However, food choices were not altered 
by sodium need during my study because surface sodium ion concentration did 
not differ among food types. The eastern fox squirrel also has been found to base 
foraging decisions on safety of food location (Brown and Morgan 1995), spatial 
distribution of forge items (Brown and Morgan 1995), balancing predator risk and 
food toxin avoidance (Schmidt 2000), or present and future value of a food (Steele 
and Weigel 1992, Kotler et al. 1999). 
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While the results of my study appeared to indicate that the urban eastern fox 
squirrel did not forage optimally, it did not include travel time between food 
patches. Thus, it remains unclear how travel time influences optimal foraging 
decisions by the eastern fox squirrel. Nearly daily visits to food sources in my 
study suggested that the eastern fox squirrel remembered food-rich locations and 
consumed all foods. Additionally, urban eastern fox squirrel populations were 
possibly food limited, especially during winter months when food was covered 
with snow and relatively unavailable for consumption by foraging eastern fox 
squirrel. During these months the eastern fox squirrel might become more 
dependent on food placed in bird feeders than at other times during the year. 
Perhaps its optimal foraging strategy was to minimize travel time to food-rich sites 
and consume all food types (i.e., as generalist foragers) at the site, but with a bias 
for larger food items. 
ACKNOWLEDGMENTS 
I thank Christopher Jacques, Martin Stapanian, and two anonymous review-
ers for comments that improved.my manuscript. 
LITERATURE CITED 
Brown, J. S., and R. A. Morgan. 1995. Effects of foraging behavior and spatial 
scale on diet selectivity: a test with fox squirrels. Oikos 74:122-136. 
Cezilly, F., and S. Benhamou. 1996. Les strategies optimales d'approvisionment. 
Revue d 'Ecologie Appliquee 51 :43-86. 
Havera, S. P., and K. E. Smith. 1979. A nutritional comparison of selected fox 
squirrel foods. Journal of Wildlife Management 43:691-704. 
Kotler, B. P., J. S. Brown, and M. Hickey. 1999. Food storability and foraging 
behavior of fox squirrels (Sciurus niger). American Midland Naturalist 
142:77-86. 
MacArthur, R. H., and E. R. Pianka. 1966. On optimal use of a patchy environment. 
American Naturalist 100:603-609. 
Minitab. 1997. Meet Minitab release 12 for Windows. Minitab, Inc. State College, 
Pennsylvania. 
National Sunflower Association. Confection kernel nutrient composition. http:// 
sunflowersnsa.com/seed. Accessed 16 July 2007. 
National Sunflower Association. 2006. 2006 U. S. sunflower crop quality report. 
http://www.sunflowersnas.com/stats. Accessed 30 July 2007. 
Pulliam, H. R. 1974. On the theory of optimal diets. American Naturalist 
108:59-73. 
Tatina: Optimal Foraging in Fox Squirrels 85 
Pyke, G. H. 1984. Optimal foraging theory: a critical review. Annual Review of 
Ecology and Systematics 15:523-575. 
Schmidt, K. A. 2000. Interactions between food chemistry and predation risk in fox 
squirrels. Ecology 81:2077-2085. 
Schmidt, K. A., and J. S. Brown. 1996. Patch assessment in fox squirrels: the role 
of resource density, patch size, and patch boundaries. American Naturalist 
147:360-380. 
Shealer, D. A., 1. P. Snyder, V. C. Dreisbach, D. F. Sunderlin, and 1. A. Novak. 1999. 
Foraging patterns of eastern gray squirrels (Sciurus carolinensis) on 
goldenrod gall insects, a potentially important winter food resource. Ameri-
can Midland Naturalist 142:102-109. 
Smith, C. c., and 1. M. Briggs. 2001. Species, season, and density of buried seeds 
surviving fox squirrel predation. Prairie Naturalist 33: 197-208. 
Smith, C. c., and D. Follmer. 1972. Food preferences of squirrels. Ecology 53: 82-91. 
Stapanian, M. A., and C. C. Smith. 1984. Density-dependent survival of 
scatterhoarded nuts: an experimental approach. Ecology 65:1387-1396. 
Steele, M. A., and 1. L. Koprowski. 2001. North American tree squirrels. 
Smithsonian Institution Press, Washington, District of Columbia. 
Steele, M. A., and P. D. Weigel. 1 ~92. Energetics and patch use in the fox squirrel 
Sciurus niger: responses to variation in prey profitability and patch density. 
American Midland Naturalist 128: 156-167. 
Stephens, D. W., and J. R. Krebs. 1986. Foraging theory. Princeton University 
Press, Princeton, New Jersey. 
Weeks, H. P., and C. M. Kirkpatrick. 1978. Salt preferences and sodium drive 
phenology in fox squirrels and woodchucks. Journal of Mammalogy 59:531-542. 
Received: 2 January 2007 Accepted: 24 November 2007 
Associate Editor for Mammalogy: Christopher N. Jacques 
86 
The Prairie Naturalist 39(2): June 200 
In Memoriam 
Robert N. Randall 
October 26, 1915 - January 30, 2007 
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Robert N. Randall was born 26 October 1915 in Georgetown, Colorado, where 
his father was the owner and editor of the local newspaper. He attended Colorado 
State College of Agriculture and Mechanical Arts (now Colorado State University), 
where he received a Bachelor of Science degree in forestry. Early in his career, he 
worked for the U.S. Forest Service, the Soil Conservation Service (now Natural 
Resources Conservation Service), the Bureau of Biological Survey (now the U.S. 
Fish and Wildlife Service), and the Colorado Game and Fish Department (now 
Colorado Division of Wildlife). During World War II, he joined the Anned Services 
and served with the U.S. Army Corps of Engineers in northern Manitoba (Churchill) 
and in the China-Burma-India Theater of Operation. After being honorably discharged 
from the military, he received an appointment with the U.S. Fish and Wildlife Service. 
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He married Tella (Sue) DeNeal Hottle on 15 August 1941 at Glenwood 
Springs, Colorado. In 1948, they moved to Bismarck, North Dakota, where Bob 
assumed supervision of the U. S. Fish and Wildlife Service's water develop-
ment projects in the Dakotas until his retirement in 1973. Bob always had a 
great interest in the outdoors. He was an avid birdwatcher since high school, 
an interest that began long before many would have considered birding as a 
hobby. Bob was an incessant record keeper, and his detailed notes include 
nearly 75 years of bird observations dating back to his teenage years in 
Colorado in the 1930's. He was a charter member of the Bismarck-Mandan Bird 
Club, which he helped found in 1952, and he will be remembered fondly by 
many as the father of birding for the Bismarck/Mandan area. Between 1963 and 
1995, he banded over 20,000 birds (mostly in his yard), making him one of the 
most productive bird banders in North Dakota's history. For over 50 years, 
Bob helped document birds on the Amoco Oil Refinery Refuge in Mandan. He 
also helped re-establish a breeding population of Canada geese on this site. 
Bob compiled data for every Christmas Bird Count in Bismarck from 1948 to 
2006, an impressive 59 years of service and dedication to North Dakota's bird 
resources. He also was interested in rocks and minerals and built on a 
collection he had inherited from his father and grandfather. Bob was an active 
member in the Central Dakota Gem and Mineral Society and served as treasurer 
for the Rocky Mountain Federation of Mineralogical Societies for three years. 
He also was a member of the North Dakota Paleontological Society and a 
member of the Bismarck Lions Club. 
Bob was a charter member of the North Dakota Natural Science Society (now 
Great Plains Natural Science Society), and he served on the executive board as a 
councilman in 1971-1972 and 1982-1983. He was one of the most prolific anc 
enduring contributors to this society's journal, the Prairie Naturalist. To ill' 
knowledge, no other author has contributed more manuscripts to this journal tha 
Bob Randall. His most notable contributions were his statewide summaries ( 
North Dakota's Christmas Bird Counts, which he published annually since 196 
(Randall 1969), the inaugural year of the Prairie Naturalist. 
For his contributions to ornithology in North Dakota, Bob will be remembere 
among his contemporaries who passed before him, including Robert E. Stewar 
Ann and Robert Gammell, Orin A. Stevens, and Ed Bry. In 1952, Bob developed 
provisional bird checklist for North Dakota, which helped lay the groundwork f( 
future state bird checklists. Over the years, Bob assembled an impressive list ( 
state bird records for North Dakota. He recorded the first North Dakota nesting 
records for the Bell's vireo in July 1954 (Stewart 1975) and the yellow-billed cuckoo 
in June 1956 (Gatz et al. 1981). In July and August 1978, Bob helped to document 
the first and only nesting record of a tricolored heron in North Dakota (Schmidt 
1979), which at the time was over 965 km north of the nearest known nesting record 
in the nation. Bob also is credited with fourth state record of a white-eyed vireo in 
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May 1971 (Randall 1971), the first state record of a Pinyon jay in October 1979 
(Randall et al. 1980), and the first state record of a house finch in February 1980 
(Serr 1980). 
Among his friends, Bob Randall will be remembered as a caring, gentle man. 
Bob was one of those rare individuals who had a keen awareness of everyone 
around him. In social settings, he would make sure that everyone was comfortable, 
and it was always clear that he was genuinely concerned about everyone. Those 
who knew him will greatly miss his gentle nature and enthusiasm for birds. He 
never got caught up in all of his achievements. He had a sense of balance to his 
life which was evident in his many interests including birding and bird banding, 
rocks and minerals, paleontology, gardening, and stamp collecting. He was active 
in his church and was a loving family man. He had a rich historical perspective of 
birdlife and birding in North Dakota since the late 1940's, and everyone looked to 
him for insight about birds. He always took the time to listen and to help. 
Bob Randall passed away on 30 January 2007 at the age of 91. Although his 
health had deteriorated in recent years, it did not deter him from his passion for 
birds. He continued to compile Christmas Bird Counts locally and for the state up 
to the time of his death. Bob will be greatly missed by his family, colleagues, and 
friends. Bob is survived by his son.and daughter-in-law, Robert and Joni Randall, 
and his three granddaughters, Kelly, Casey, and Lauren, all of Burnsville, 
Minnesota; and a daughter-in-law, Wanda Randall of Bullhead City, Arizona. He 
was preceded in death by his wife, Sue, and his son, Daniel.--Clark Talkington, 
1701 1st Street NE, Mandan, ND 58554. E-mail address: 
ctalkington@bis.midco.net 
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Editor:s note: The staff of The Prairie Naturalist will miss Bob Randall. His 
dealings with us were always prompt and cordial. We thank Clark Talkington for 
writing such a nice In Memoriam for Bob. Lawrence Igi has agreed to summarize 
the North Dakota Christmas Bird Counts for submission to The Prairie Natural-
ist. We plan to have a short biography for Larry when the first summary is 
published. 
Elmer J. Finck, Editor 
NOTES 
OCCURRENCES OF SMALL MAMMAL SPECIES IN A MIXED-GRASS 
PRAIRIE IN NORTHWESTERN NORTH DAKOTA -- Documentation is 
limited for many species of vertebrates in the northern Great Plains, particularly 
northwestern North Dakota (Bailey 1926, Hall 1981). Here we report relative 
abundances of small « 450 g) species of mammals that were captured incidental to 
surveys of amphibians and reptiles at Lostwood National Wildlife Refuge (LNWR) 
in northwestern North Dakota from 1985 to 1987 and 1999 to 2000. Our records 
include a modest range extension for one species. We also comment on 
relationships of small mammals on the refuge to vegetation changes associated 
with fire and grazing disturbances. 
LNWR encompassed 109 km2 of rolling to hilly moraine in Burke and 
Mountrail counties, North Dakota (48°37'N; 102°27'W). The area was mostly a 
native needlegrass-wheatgrass prairie (Stipa-Agropyron; Coupland 1950) inter-
spersed with numerous wetlands 'x = 40 basins/km2) and patches of quaking 
aspen trees (Populus tremuloides; x = 0.4 ha/patch and 4.8 patches/km2; 1985 data 
in Murphy 1993:23), with a semi-arid climate. Broad ecological changes associated 
with fossil fuel development seemed imminent at LNWR, including threats to class 
I air quality on the refuge's 2257 ha Wilderness Area, yet the area lacked basic 
inventories for most vertebrate fauna (Murphy et al. 2006). Therefore, amphibians 
and reptiles were surveyed via pitfall traps and funnel traps set along drift fences 
(Murphy et al. 2006). In spring 1985, five trapping sites were established in 
representative mesic prairie communities, 0.8 to 1.4 km apart across the center of 
LNWR. Each site included two 30-m arrays of drift fences that were parallel to and 
between borders of nearby (2 to 25 m away) xeric prairie and a seasonal or 
semipermanent wetland. Each array consisted of partly buried, 0.6-m tall aluminum 
flashing with a 0.3 x 0.3 x 0.8-m long, 0.6-cm mesh funnel trap in the center and a 
total of eight 20-liter pitfall traps with funnel rims (modification of Fig. 17b in Vogt 
and Hine [1982]). 
Arrays of drift fence were checked every 2 to 3 days from mid-May through 
early-July. We maintained 3 to 6 cm of water in pitfall traps because we anticipated 
mostly captures of amphibians and sought to release these (Murphy et al. 2006). 
Indeed, few amphibians were killed (R. Murphy, unpublished data), but many small 
mammals were captured in pitfall traps and drowned despite availability of small 
slabs of wood placed in bottoms of traps. We acknowledge that drowning in pitfall 
traps is no longer considered an acceptable means of kill-trapping small mammals 
(American Society of Mammalogists 1998), but felt it important to convey the 
findings regardless. We suggest in future studies that pitfall traps are checked 
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more often (e.g., twice daily), although most shrews captured likely still will die. 
Live mammals, mostly ground squirrels (Spermophilus spp.) in funnel traps, were 
released uphill from fences. Nearly all remaining mammals were salvaged, identified 
by using standard keys (Wiehe 1978, Junge and Hoffman 1981), and were 
deposited in natural history collections at the University of North Dakota and 
North Dakota State University. For each species of small mammal and year, we 
calculated relative abundance as the mean number of captures/l 00 drift fence days, 
where one drift fence day represented 15 m of a drift fence array open for 24 hr 
(Vogt and Hine 1982; n = 1000 drift fence days per year for 1985 to 1987 and n = 900 and 
860 drift fence days for 1999 and 2000, respectively). Annual abundances for each of 
the 1985 to 1987 and the 1999 to 2000 sampling periods were then averaged. 
Fourteen species of small mammals were captured. Species and mean capture 
rates for the two sampling periods were: Arctic shrew (Sorex arcticus), 3.4 and 0.8; 
cinereus shrew (Sorex cinereus), 6.5 and 14.4; American pygmy shrew (Sorex 
hoyi), 0.5 and 1.9; short-tailed shrew (Blarina brevicauda), 0.1 and < 0.1; southern 
red-backed vole (Myodes gapperi) , 0.4 and 0; meadow vole (Microtus 
pennsylvanicus), 10.0 and 7.7; North American deermouse (Peromyscus 
maniculatus) , 1.1 and 0.9; western harvest mouse (Reithrodontomys megalotis), 0 
and < 0.1; jumping mouse (Zapzls spp.), 16.1 and 10.3 (71.0% of Zapus spp. 
captured were identified to species level and of these, 91.9% were the western 
jumping mouse [z. princeps] and 8.1 % were the meadow jumping mouse [z. 
hudsonius]); Franklin's ground squirrel (Spermophilusjranklinii), 0.2 and 0.2; thirteen-
lined ground squirrel (s. tridecemlineatus), 0.4 and 0.1; Richardson's ground squirrel 
(s. richardsonii), < 0.1 and 0; and least weasel (Mustela nivalis), 0.1 and O. 
The community of small mammals in mixed-grass prairie at LNWR was 
characterized mainly by species that typically associate with relatively dense plant 
cover, such as the cinereus shrew, meadow vole, and western jumping mouse 
(Jones et al. 1983). These three species were common during both sampling 
periods, although the abundance of the cinereus shrew increased and the 
abundance of western jumping mouse decreased in the second period. The 
southern red-backed vole and northern short-tailed shrew were uncommon to rare, 
likely related to their affinities for wooded habitats or adjacent areas (Higgins et al. 
2000). The North American deermouse was uncommon, perhaps because the 
species prefers relatively drier, more open grassland than the mesic prairie sampled 
in our study (Jones et al. 1983, Higgins et al. 2000). Indeed, the North American 
deermouse and meadow vole were about equally represented in 1,800 snap-trap 
nights on xeric prairie at LNWR in 1987 (2.3 and 2.6 captures/IOO trap nights, 
respectively; J. Albertson and U.S. Fish and Wildlife Service, Kenmare, North 
Dakota, unpublished data). The single western harvest mouse captured in 1999 
represents a roughly 50-km range extension north of the previously published 
distribution (Hall 1981 :638, Jones et al. 1983: 189). We did not detect the northern 
grasshopper mouse (Onychomys leucogaster) and olive-backed pocket mouse 
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(Perognathus fasciatus) even though these were documented, albeit rarely, as prey 
in nests of great horned owl (Bubo virginianus) in the area (Murphy 1997). 
Ground squirrels captured included thirteen-lined, Franklin's, and 
Richardson's. Previously, the westernmost record for Franklin's ground squirrel 
was the Des Lacs River Valley, 27 km east of LNWR (Bailey 1926:56, Hall 1981 :398, 
Jones et al. 1983: 135). A single Richardson's ground squirrel was captured, which 
suggested the species currently is rare at LNWR. This colonial ground squirrel 
typically occupies relatively open and heavily-grazed grasslands with well-drained 
soils suitable for burrowing (Higgins et al. 2000). Historically, Richardson's 
ground squirrel was conspicuously abundant and widespread in the northern Great 
Plains (Jones et al. 1983). The species was common at LNWR when the refuge was 
established in the 1930's, but in recent decades has only been observed in heavily-
grazed, privately-owned prairie on the refuge periphery (Murphy 1993 :35). 
A prescribed fire-grazing regime was implemented widely at LNWR from the 
late 1980's through mid-1990's, between our 1985 to 1987 and 1999 to 2000 
sampling periods. This regime was characterized by a renovation phase of three 
prescribed fires in alternating years then a longer term, maintenance phase of three 
consecutive years of rotation grazing during summer (stocking rates 0.6-1.2 hal 
AUM) and a fire frequency of 5 t~ 7 years. This regime altered mesic prairie at 
LNWR mainly by reducing vegetation height, accumulated plant litter, and 
coverage of woody vegetation, while increasing grass cover (Madden et al. 1999, 
Danley et al. 2004). However, abundances of small mammals in mesic, mixed-grass 
prairie throughout the center of LNWR did not seem to change markedly between 
sampling periods, except for that of the cinereus shrew and western jumping mouse. 
R. Danley, A. Fossum Coveny , and P. Knupp Moore helped monitor drift 
fences. W. Bleier, N. Kadrmas, and R. Seabloom verified many specimen 
identifications, and we consulted R. Wrigley on the distinguishing features of 
Zapodidae. K. Geluso, D. Kaufman, R. Seabloom, and two anonymous reviewers 
provided helpful comments on drafts of the manuscript.--Robert K. Murphy', 
Richard A. Sweitzer, and Joy D. Albertson}. United States Fish and Wildlife 
Service, 8315 Hwy 8, Kenmare, ND 58746 (RKM); Department of Biology, 
University of North Dakota, Grand Forks, ND 58202 (RAS); and Department of 
Zoology, North Dakota State University, Fargo, ND 58105 (JDA). 'Correspond-
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SILPlDDAE (INSECTA: COLEOPTERA) COLLECTED IN NORTH CENTRAL 
NORTH DAKOTA, INCLUDING NEW OCCURRENCES OF 
THANA TOPHILUS SAGAX(MANNERHEIM) -- Members of the beetle fami ly 
Silphidae are relatively large (10-35 mm) and often brightly colored insects. They 
usually are found in association with dead animal bodies (carrion) , but some are 
phytophagous while others are predatory. Thirty endemic species are known to 
occur in North America north of Mexico (Ratcliffe 1996), and 17 species in North 
Dakota. (Hanley et aI. , unpublished data). To date, there has been little to no 
si lphid collection data available from north central North Dakota counties, due 
mostly to the lack of entomological research in the area. 
During the 2006 fie ld season (April-September) the Biology Department of 
Minot State University, Minot, North Dakota, operated two drift fence arrays in 
order to monitor salamander migration and growth rates. Two fence systems were 
constructed, one on the southern edge of the city of Minot on the grounds of the 
North Dakota State University Experiment Station (48°10'39" N, 101 °17'47" W, 
elevation 1772 ft above sea level), and one in McHenry County north of Velva 
(48°09'08" N, 100°55 '0 I" W, elevation 1588 ft above sea level), herin referred to as 
the Minot site and Velva site, restJ'ectively. Both fences consisted of an aluminum 
sheet 61 cm tall and approximately 308 m in length, and were erected to completely 
surround a perennial wetland. These fences used an array of pitfall traps to collect 
animals both inside and outside of the fence along the entire circumference, with 
traps spaced approximately 6 m apart. Traps were five-gallon pails buried to 
ground level. Lids were used to close pails during periods of research inactivity. 
As these traps were not taxon specific, ground-dwelling arthropods were collected 
while the traps were in operation. During the 2006 season the trap arrays were 
operational for irregular periods of time based upon herpetological worker 
availability. Because of this, collection of coleopteran specimens was highly 
sporadic in nature, with no set visitation schedule. 
Nine species of silphids were collected in a single season of drift fence 
operation (Table 1), representing 53% of the known North Dakota fauna and 30% 
of the endemic North American fauna. Most specimens were collected from larger 
organisms, such as mice and shrews, that had fallen into the traps, died and begun 
to decay. However, Heterosilpha ramosa regularly was found in carrion-free traps. 
The most interesting record is that of Thanatophilus sagax, which has 
not been collected in North Dakota since 1967 (Hanley et aI., unpublished 
data). Most adult specimens in other studies have been collected near water 
sources under carrion or debris (Anderson and Peck 1985). Three specimens 
were collected on August 10, 2006 at the Minot site. Little other information is 
available about the habits of this beetle. All specimens collected during our 
study were deposited in the Cyril Moore Science Center Museum, Minot State 
University, Minot, North Dakota. 
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Table 1. Silphid beetles collected at the Minot and Velva sites in north central 
North Dakota during 2006. 
Species Location Date collected Number 
collected 
Heterosilpha ramusa (Say) both sites Apr 13 through Aug 15 61 
Thanatophilus lapponicus (Herbst) both sites May 13 through Aug 29 II 
Thanatophilus sagax (Mannerheim) Minot site Aug 10 3 
Nicrophorus hyhridus Hatch & Angell both sites May I through Aug 29 33 
Nicrophorus marginatus Fabricius both sites J un 20 through Aug 15 16 
Nicrophorus ohscurus Kirby both sites May 1 through Aug 10 6 
Nicrophorus orhico/lis Say both sites Jun 20 through Aug 15 38 
Nicrophurus tomentosus Weber both sites Jun 20 through Aug 29 32 
Nicrophorus vespilloides Herbst both sites May 10 through Aug 15 4 
Because of the sporadic nature of this survey, no reliable conclusions could 
be made in relation to population dynamics or comparison of fauna between sites. 
Further field seasons with these trap arrays will involve more precise data capture. 
r thank the Office of Research and Sponsored Programs at Minot State 
University for grant funding, Ken Cabarle for construction of the drift fence arrays, 
and Jerry Fauske of the Entomology Department at North Dakota State University, 
Fargo, North Dakota, for his expertise in North Dakota silphid fauna.--Guy A. 
Hanley, Division of Science, Minot State University, 500 University Avenue West, 
Minot, ND 58707. E-mail address: guy.hanley@minotstateu.edu 
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NOTES ON BLACK-FOOTED FERRET DETECT ABILITY AND BEHAVIOR 
-- Despite over two decades of recovery efforts, the black-footed ferret (Mustela 
nigripes) remains one of the least understood and most critically endangered 
mammals in North America. Once extinct in the wild, over 2,400 captive-born 
individuals of black-footed ferret (hereafter referred to as ferret) have been released 
at 13 reintroduction sites ranging from northern Montana to Chihuahua, Mexico, 
since 1991. However, ferret populations currently are considered to be self-
sustaining at only two sites in South Dakota and a single site in Wyoming (United 
States Fish and Wildlife Service 2006). 
To understand why ferret recovery is not succeeding at a majority of 
reintroduction sites, a better understanding of ferret behavior in the wild, 
particularly the behavior of reproductive females is needed. Ferrets are solitary 
carnivores that are adapted highly to live on prairie dog (Cynomys sp.) colonies. 
Prairie dogs compose a majority of their diet (Sheets et al. 1972, Campbell et al. 
1987) and ferrets spend most of their lives underground in prairie dog burrow 
systems, with their above-ground activity typically occurring during the night 
(Clark et al. 1986, Richardson et al. 1987). The objectives of my study were to use 
multiple techniques to monitor a"ove-ground activity of female ferrets to gain 
insight into their behavior in the wild, and to determine the efficiency of spotlight 
surveys at locating ferrets and effects of spotlighting on ferret behavior during the 
critical litter-rearing period. 
From June through October 2006, I conducted 958 hr of spotlight surveys to 
monitor behavior of female ferrets and their litters at the Conata Basin, a portion of 
the Buffalo Gap National Grassland in southwestern South Dakota. Using a mobile, 
time-lapse video system, I also recorded greater than 1,040 hr of video to evaluate 
ferret behavior during litter rearing, and periodicity of above-ground activity. 
The video system that I constructed was based on a system developed for 
monitoring the fate of bird nests (Thompson et al. 1999). Main system components 
were a Sony night vision infra-red camera (model number CM20WNV), a Sony 12V, 
960-hr, time-lapse video cassette recorder (model number VCR960-12) and a 12V, 
deep-cycle marine battery (Fig. 1). I placed this system in a medium-sized igloo-
style dog house to protect it from inclement weather, domestic cattle (Bos taurus), 
and the black-tailed prairie dog (Cynomys /udovicianus, hereafter referred to as 
prairie dog); the system cost was US$595. 
Using systematic spotlight survey techniques (Biggins et al. 2006), I 
monitored above-ground activities of four adult female ferrets (and associated 
litters) on nearly consecutive nights throughout the field season. I conducted 
spotlight surveys between 2300 (MST) until dawn (0500-0700) to include peak 
activity periods (Biggins et al. 1986, Clark et al. 1986). Ferrets always were 
observed at or near prairie dog burrow entrances. I recorded GPS coordinates, 
burrow entrance type (Jachowski 2007), and identities of ferrets as revealed by 
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Figure 1. The video system used for monitoring above-ground ferret activity in 
southwestern South Dakota, June through October 2006. The system included, 
from left to right, carrying case with cables and viewer, video cassette recorder, 
video camera, igloo-style dog house, and 12V battery. 
implanted passive integrated transponders (Fagerstone and Jones 1987) for each 
individual observed. 1 placed the video system approximately 3 to 5 m away from 
the burrow and collected continuous video footage when a female was located at 
her den burrow (location where she kept her kits). I reviewed the video recording 
every 24 hr, and moved the video system to a new den location when females were 
observed through video to have changed den sites or were observed through 
spotlighting elsewhere. The critical assumption of this technique is that the 
selected ferret will only use the single monitored burrow entrance. Prairie dog 
burrow systems occupied by ferrets frequently contain multiple above-ground 
entrances (Sheets 1970); however, due to my experience over the past 8 years with 
a high success rate for capturing ferrets by placing traps at single burrow 
entrances, I was confident in assuming that ferrets almost exclusively used a single 
burrow entrance. This assumption was further supported by video footage, which 
showed that for each den site monitored, the movement of kits to new den sites 
always occurred through the monitored burrow entrance. 
Using continuous video-monitoring and intensive spotlight surveys through-
out the litter-rearing period, J determined periods of above-ground activity of 
ferrets. Video-monitoring revealed peak activity between 2300 and 0400 hr, which 
accounted for 81 % of all instances when female ferrets were recorded above 
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ground. Similarly, spotlight surveys showed peak activity between 0100 and 0600 
hr, which accounted for 86% of all observations of ferrets. 
Spotlighting results showed a dramatic change in ferret detection from June 
and July to August, September, and October. Mean number of ferret observations 
per night increased from 1.41 (SE = 0.25) in June and 1.82 (SE = 0.42) in July, to 8.36 
(SE = 0.96) in August. I performed a one-way AN OVA and found that the mean 
number of observations in September and October (x = 7.93, SE = 0.63) was similar 
(F = 0.92, df= II, P = 0.55) to August (x = 8.36, SE = 0.96). Similarly, time spent 
spotlighting per ferret observation decreased from a mean of 270 (SE = 33) min in 
June to 76 (SE = 9) min in August. I found that mean time-to-observation rates 
were slightly longer in September and October (x = 98 min, SE = 30) than August, 
possibly due to dispersal of kits from the study area. Video recordings revealed 
similar trends in ferret above-ground activity. The ratio of minutes ferrets were above 
ground to the length of time the system was deployed (i.e., above-ground time:video 
focal duration) changed from 1 :24 in June to 1 :44 in July, and 1 :33 in August. 
Combinations of video-monitoring and spotlighting allowed me to evaluate 
effectiveness of spotlighting as a technique to detect ferrets and impacts of 
spotlighting activities on ferrets. When ferrets were observed above ground 
through video, spotlight surveys dl)tected individuals on 3 of 10 occasions. On 3 
other occasions, the video showed ferrets above ground even though observers 
failed to detect individuals while spotlighting. Failure to detect ferrets while 
spotlighting was most likely due to long distances of ferrets from the vehicle or 
because ferrets were looking away from spotlight beams. On each of the 10 
occasions when video footage showed a ferret above ground, individuals did not 
appear to alter their behavior when the spotlight vehicle approached or when 
ferrets were illuminated by spotlight beams. 
I observed female ferrets changing den sites at intervals ranging from 2 to 5 
days, depending on the age of the litter. During June, female ferrets were rarely 
active above ground, with one recorded sustained den occupation lasting 91 hr. In 
contrast, by late August it became difficult to deploy the video system effectively 
because ferrets changed den sites every I to 3 days and kits began to disperse and 
inhabit separate proximate burrows. In each of the seven documented den site 
changes, adult females left den sites and returned within a few minutes to 24 hr 
later, to relocate kits to a new site. On two occasions while spotlighting, I 
observed female ferrets carrying freshly killed prairie dogs above ground; however, 
I failed to video record females bringing prey directly back to their kits. Rather, 
probably kits accompany their mothers to kill sites or to intermediate "cache" burrows 
(Hillman 1968, Paunovich and Forrest 1987) rather than to occupied den sites. 
Monitoring of females during the entire litter-rearing period provided unique 
insight into burrow use patterns by female ferrets. Over 90% of observations (n = 
762) occurred at or near "dome" shaped burrow entrances, as opposed to "flat" or 
"rim-crater" entrances as defined by Hoogland (1995). Once females vacated 
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burrows used as den sites, individuals were not observed reusing those burrows 
as den sites during the remainder of the litter-rearing period. This pattern of 
burrow use could be explained by range of factors including prey selection, 
territorial behavior, and antagonistic behavioral responses of prairie dogs to the 
presence of ferrets. 
I observed two forms of antagonistic behavioral responses of prairie dogs 
towards ferrets. First, on one occasion in September during daylight at 1000 hr, a 
young-of-the-year ferret was above ground and chased by prairie dogs as it ran 
between burrows. When the ferret left a burrow, a large male prairie dog wrestled 
briefly with the ferret, forcing it to retreat and run out of the coterie (family 
territory) in a direction opposite to that from which it entered. I verified male prairie 
dog status through visual identification of testes and overall body size during time 
of observations and through review of high definition video footage. When the 
ferret ran into the adjacent coterie, another adult male prairie dog approached and 
chased the ferret until it ran out of my view. 
A second form of prairie dog behavioral response to ferrets is to plug 
burrow entrances with soil following occupancy by ferrets (Andelt and Beck 
1998). I observed only one instance of burrow plugging in video footage, when 
an adult female prairie dog spent 13 min in the morning and 7 min in the 
evening of the same day plugging a burrow recently vacated by a female ferret. 
The adult female ferret had vacated the burrow during the night, which 
suggested that the prairie dog identified her presence from the scent she 
deposited or by cues (scent, sound, etc.) initiated by her litter, which remained 
in the burrow. When continuous video footage revealed that the female ferret 
returned to the plugged burrow the following evening, she spent 1 min 33 sec 
excavating the burrow plug by using a well-documented ferret trenching 
behavior (Miller et al. 1996). 
Video data revealed that while not always effective in detecting ferrets above 
ground, spotlighting detection rates provided a reliable index to actual above-
ground activity by ferrets. Additionally, while other reports suggest that intensive 
spotlighting disturbed ferrets (Campbell et al. 1985), my video data suggested that 
spotlighting, when conducted following established protocol (Biggins et al. 2006), 
rarely disturbed ferret behavior. Detection rates for ferrets increased as the litter-
rearing season progressed. Female ferrets changed den sites with increasing 
frequency as their litters matured, likely in response to energetic demands. Female 
ferrets preferentially selected dome-style burrow entrances for den sites, which is 
likely due to their greater underground burrow complexity and the availability of 
nesting chambers (Hoogland 1995). Prairie dogs actively responded to the 
presence of a ferret through hazing and burrow plugging, which indicated that 
prairie dogs have a suite of specialized behavioral responses to this typically 
nocturnal predator in addition to the well-documented alarm call responses to 
diurnal predators (Hoogland 1995). 
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FIRST RECORD OF FIELD SPEEDWELL FROM SOUTH DAKOTA --
Veronica agrestis L. (field speedwell or green field speedwell), a member of the 
Scrophulariaceae, is a small, weedy, prostrate annual with blue or white flowers 
(Gleason and Cronquist 1991). Until recently, its distribution included most of the 
eastern half of the United States and the southern two-thirds of the Great Plains, 
but not South Dakota (http://plants.usda.gov/java/profile?symbol=VEAG 
&photoID=veag_001_avd.tif, accessed 5 February 2007). Neither the Great Plains 
Flora Association (1986) nor Van Bruggen (1996) includes this species in the flora 
of South Dakota; however, the former has it naturalized in southeastern Nebraska 
and in Iowa (Great Plains Flora Association 1986). 
In May, 2004, I found two populations offield speedwell in Mitchell, Davison 
County, South Dakota, each growing in disturbed soil about 4.5 km apart. Both 
were in fruit. The first grew in a shallow, recently graded ditch on the south side of 
250th Street at its junction with Airport Road. Numerous individuals were growing 
in the open in an area about 30 m long. Vascular plant associates included Bromus 
tectorum, B. inermis, Androsace septentrionalis, Sporobolus cryptandrus, Tarax-
acum officinale, and Poa pratensis. The second population was found in a 
partially shaded parkway lawn at the comer of Minnesota and Birch Streets. 
Voucher specimens from these two populations are housed at Dakota Wesleyan 
University (DWU), Mitchell, South Dakota, and the C. A. Taylor Herbarium (SDC) 
at South Dakota State University, Brookings, South Dakota.--Robert Tatina, 
Biology Department, Dakota Wesleyan University, Mitchell, SD 57301. E-mail 
address: rotatina@dwu.edu 
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FIRST RECORD OF CORISELLA INSCRIPT A (UHLER) (HETEROPTERA: 
CORIXlDAE) FROM NORTH DAKOTA -- Corisella inscripta is a water 
boatman species that was reported in H. B. Hungerford's (1948) seminal mono-
graph as occurring throughout Mexico and nine western states of the United 
States. Subsequently, additional records of C. inscripta have been reported for 
British Columbia in Canada (Maw et al. 2000) and for Montana (Roemhild 1976), 
Arkansas (Cochran and Harp 1990), Missouri (Polhemus et al. 1988), Ohio (Chordas 
and Armitage 1998), and Michigan (Chordas et al. 2002) in the United States. There 
have been no published records of C. inscripta from North Dakota (Fig. I). 
We collected one male C. inscripta at the Cottonwood Lake Study Area in 
western Stutsman County, North Dakota in September 2005 and a second 
individual there in September 2006. The specimens were captured in funnel traps 
(Swanson 1978) set in the deep-marsh zone of a semipermanent wetland (Stewart 
and Kantrud 1971). A detailed description of the Cottonwood Lake Study Area is 
published in Swanson et al. (2003). As is typical for wetlands in the northern Great 
Plains, this wetland has fluctuated between wet and dry phases. At the time of 
sampling, the wetland was in the lake marsh phase (van der Valk and Davis 1978) 
and had been flooded continuouslt for 13 to 14 years, during an unusually long 
period of above-normal precipitation (Winter and Rosenberry 1998). In 2005, the 
water temperature was 18°C and specific conductance was 3011 flS cm·! at the 
collection site where the first C. inscripta specimen was collected. In 2006, water 
temperature was 14°C and specific conductance was 4010 flS cm-! at the site where 
the second C. inscripta specimen was collected. Both emergent and submergent 
aquatic vegetation were absent at the sample locations and throughout most of the 
wetland due to the prolonged deep-water flooding. However, stands of emergent 
vegetation including broadleaf cattail (Typha latifolia), hard stem bulrush 
(Schoenoplectus acutus), common rivergrass (Scolochloa festucacea), and wheat 
sedge (Carex atherodes) occurred around the wetland edge. 
Only one other species of Corisella, C. tarsalis (Fieber), is known to occur in the 
Prairie Pothole Region of the northern Great Plains (Euliss et al. 1999). Corisella 
inscripta males are easily distinguished from C. tarsalis males by the stout, erect pegs 
below the apex of the tibia and on the pala of C. tarsalis (Fig. 2). The C. inscripta 
specimens reported here from the Cottonwood Lake Study Area are conserved in the 
aquatic invertebrate collection at the United States Geological Survey, Northern Prairie 
Wildlife Research Center in Jamestown, North Dakota. 
We thank Jane E. Austin, Lawrence D. Igl, and Jill A. Shaffer for reviewing earlier 
drafts of our note.--Bruce A. Hanson, David M Mushetl, Ned H. Euliss, Jr., and Steve 
W Chordas III. United States Geological Survey, Northern Prairie Wildlife Research 
Center, 8711 37th Street SE, Jamestown, ND 58401 (BAH. DMM NHE, Jr.). Ohio 
State University, Museum of Biological Diversity, 1315 Kinnear Road, Columbus, OH 
43212 (SWC). 'Corresponding author. E-mail address: david_mushet@usgs.gov 
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Figure 1. Recorded North American distribution of Corisella inscripta (Uhler). 
The star (*) indicates new records reported herein. 
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MARSHES-IN PHOTOS AND WORDS 
Marshes: The Disappearing Edens. Bill Burt. 2007. Yale University Press, New 
Haven, Connecticut. $35.00 (cloth). 
Bill Burt has done it again. The author of two superbly illustrated books 
(Shadowbirds and Rare and Elusive Birds of North America) that were reviewed 
earlier in this journal, Burt has returned with another excellent book, this one 
focusing on marshes. 
Like his earlier books, Marshes features wonderful close-up views of many 
hard-to-photograph birds. Here, in addition, are grand images of marsh landscapes 
and other marsh denizens, especially plants. Burt best characterizes his own book, 
which he intends as "an evocation and exploration, rather than a catalog of 
marshland life." He tells of his 30 years spent prowling marshes of all kinds, all 
over North America, day and night ~like. His books display some of the results of 
his searches, both in word and wondrous photography. 
Burt ranges widely in his searches for marshes. Each of the seven chapters 
focuses on a marsh, or an area with marshes. He starts with his "home" marsh, in 
Connecticut. Then to Maryland and its Elliot Island marsh, then a fen near 
Douglas, Manitoba. One chapter touches on marshes of the southern Atlantic and 
Gulf coasts, where he finds pleasure in the saltmarshes of Virginia and New Jersey, 
and wonders why the people of Louisiana seem oblivious to the marshy pageantry 
that surrounds them. 
The West largely disappoints Burt. He notes that historically large wetland 
basins, such as Klamath and Malheur in California and Oregon, while still 
supporting impressive numbers of birds, have been greatly reduced in size, due to 
"reclamation"-drainage, diversion, and irrigation. The Central Valley of California 
once had a third of its surface covered with water, but now the remaining wetlands 
are restricted to a string of national wildlife refuges. And wetlands at those sites 
tend to be square and even elevated, so a visitor can view the hoards of waterfowl 
at eye level. Despite the loss and alteration of wetlands, millions of waterfowl in 
the Pacific Flyway still pack into the Central Valley, possibly because they have 
nowhere else to go. 
At Benton Lake National Wildlife Refuge in Montana, Burt takes the auto 
tour and learns that the Bureau of Reclamation "rescued" a drying marsh by 
providing return irrigation flows to the wetland-water with toxic metals, pesti-
cides, and leached-out salts. Elsewhere in the West he encounters marshes whose 
water has been usurped for irrigation and other human uses, and refuge leaflets 
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that boast of the numbers of miles of canals and dikes, and of water control 
structures and buildings. 
In his final chapter, Burt visits the Prairie Pothole Region of the northern 
Plains. He had already given up his dream of finding a marsh as described by 
Roger Tory Peterson: "with its full tantalizing cast of characters: noisy rails and 
gallinules, coots, and pied-billed grebes; bitterns and long-billed marsh wrens in 
the reeds, and short-billed marsh wrens in the grassy edges; red-winged blackbirds 
calling and displaying; swamp sparrows trilling, swallows skimming, ducks 
dabbling, and herons stalking." In the prairie sloughs and lakes of North Dakota 
and Saskatchewan, however, Burt does find his real-life Eden marshes. He tells of 
his travels to the marshes and evokes the memory of earlier naturalists, such as 
Arthur Cleveland Bent, who marveled at the prairie marshes a century earlier. 
Burt has many concerns. He worries about the degradation of marshes by 
invasive species, notably Phragmites australis and purple loosestrife ("the pretty 
femme fatale of inland fresh marshes"). The obliteration of wetlands by shopping 
malls and factories, as well as by drainage for agricultural purposes, bothers him. 
He is troubled by mismanagement of marshes, by ditching, diking, and damming. 
He worries about the gentrification of marshes, such that boardwalks and 
informational signs allow a casua~ visitor a casual glance at a marsh, but at a cost 
of not experiencing a marsh. He wonders where children can go to find wildness, 
as he did as a boy. 
In the end, though, Burt says we should enjoy what does remain, rather than 
mourn what has been lost. His book will revive fond memories in the minds of 
readers who have savored the natural beauty of marshes. For those who have not, 
it will offer a vicarious taste of what they are missing. The marvelous photos in 
this book make it a natural for the coffee table, but the text is worthwhile, too, so 
read the book before putting it on display-Douglas H. Johnson, USGS Northern 
Prairie Wildlife Research Center, Saint Paul, MN 55108. 
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APPRECIATING YOUR FEATHERED NEIGHBORS 
Fifty Common Birds of the Upper Midwest. Watercolors by Dana Gardner; text by 
Nancy Overcott. 2006. University of Iowa Press, Iowa City, Iowa. 106 pages. 
$34.95 (cloth). 
What's the best way to interest a friend in bird watching? Buy them a field 
guide, a CD of bird songs, or take them out bird watching? All of these ideas might 
work, but another approach is to tell personal stories and draw pictures of common 
birds in yards, parks, and natural areas where they live; help them "get to know 
their neighbors with feathers." That's exactly what Dana Gardner and Nancy 
Overcott did in their recent book about common birds of the Upper Midwestern 
United States. The authors' decision to focus on common birds will be appealing 
to people who feed or watch birds casually; they will likely be familiar with some of 
these birds. The book is a self-described set of stories and paintings about birds; 
the authors express their hope in the introduction that these stories will "inspire 
interest in habitat preservation." 
The Upper Midwest contains many habitats; picking 50 birds from the more 
than 300 birds that are "common" here surely was a difficult task. The authors 
devote about half of the introduction to describing this dilemma and how they 
arrived at the 50 common birds portrayed in the book. In short, they selected a few 
common species from each of the major groups of birds inhabiting yards, 
grasslands, and forests in the region, beginning with the wood duck (Aix sponsa) 
and ending with the American goldfinch (Carduelis tristis). I was especially 
interested in this book because it is based in the region where I spent my 
childhood and where I have conducted most of my research. The illustrator and 
author lived and worked in Lanesboro, Minnesota, less than 50 miles from where I 
grew up in southeastern Minnesota. This region is very rich biologically 
because it hosts a mixture of forest, grasslands, and agriculture, and the book 
reflects that diversity. 
The book reads like a cross between a journal and a field guide. Personal 
anecdotes and observations of the focal species intermingle with descriptions of 
habitat, life history, behavior, and conservation issues. The format lends itself to 
display; each species account is two pages with the color plate on the left page 
and the text on the right. The plates are beautiful; each species is portrayed in a 
pose and background setting typical of the species. The illustrator had more 
artistic freedom than usual because he was not attempting to illustrate all of the 
field markings that distinguish one species from another, as in a field guide. 
If you are looking for a gift for someone with an interest in birds, but who is 
not currently an avid bird-watcher, this would be an excellent choice. The personal 
anecdotes and pleasing illustrations are more interesting to peruse than the typical field 
guide. It would also make good bedtime reading material for children in grades 1-5. 
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A parent could take the opportunity to remind the child if they have seen the focal 
species somewhere in their neighborhood or on a field trip. The illustrations might 
keep a younger child interested while an older child will be interested in the lively 
descriptions and personal experiences. Avid bird-watchers will be mildly disap-
pointed with the focus on common birds, although some of the personal 
anecdotes, historical references, and conservation notes will be enough to keep 
them interested. The scientist might enjoy all of the above, although there are no 
notes explaining the sources of the behavioral and life history information and 
there is little "new" information presented. There are recommended readings and a 
list of field guides at the end of the book; presumably these were the sources of the 
factual information. From a conservation perspective, we need books that will 
interest the general public in birds and their habitats; this book serves that role 
well.~Melinda G. Knutson, u.s. Fish and Wildlife Service, 2630 Fanta Reed 
Road, La Crosse, WI 54603. 
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SOME SCARCE BIRDS OF THE UPPER MIDWEST 
Fifty Uncommon Birds of the Upper Midwest. Watercolors by Dana Gardner; text 
by Nancy Overcott. 2007. University ofIowa Press, Iowa City, Iowa. 112 pages. 
$34.95 (cloth). 
Nancy Overcott has written series of short essays of birds found in the 
Upper Midwest and assembled them in an easy-to-read book. As an ornithologist 
and avid birder in this region, I'll admit that I didn't know what to expect when I 
opened the cover-would the focus be on rarities, would there be an identification 
component, are there tips for finding each species, and at what audience was the 
book aimed? Ultimately, I enjoyed the personal touch to Overcott's story-telling 
and found this an entertaining read, although the content did not increase my 
understanding of the birds of this region. 
The book includes a short introduction followed by 50 essays, one per 
species (each nicely illustrated by Dana Gardner), and ends with a short list of 
supplemental references. The content of each species account varied, although 
most generally included information about seasonal occurrence, typical habitat(s) 
used, and a reference to their general range. 1 liked the personal story used to 
introduce most species as this gives the reader a better feel for the bird by knowing 
something about the encounter. 
My quick scan of the list of species found a few surprises, and based on the 
title of the book I would have used a much different list. Species such as the surf 
scoter, whooping crane, and hooGed warbler are indeed deserving of being labeled 
uncommon in the Upper Midwest. However, I would hardly label species such as 
hooded merganser, sora, brown thrasher, or dickcissel uncommon-all can be readily 
found, sometimes in large numbers, throughout the region at the appropriate 
season. Perhaps Overcott uses "uncommon" interchangeably with "sought-after," 
which I believe is a more appropriate way to describe the species that were 
included. It is also unclear how "Upper Midwest" is defined. My impression is 
that it includes the states of Iowa, Minnesota, and Wisconsin, and possibly others, 
although this is never stated. If so, the list seems odder because of the inclusion 
of western species like white-faced ibis and Townsend's solitaire. I wonder why 
the list doesn't include species such as canvasback, piping plover, black and 
Forster's terns, or Lapland longspur. 
At the end of the introduction, the author states that the book seeks to give 
readers "the information necessary to find" each species. This is a slight 
overstatement of the content, which should not be viewed as a bird-finding guide. 
For some species there are general tips for finding them in the Upper Midwest, 
while for many others this information is missing. This lack of detail on finding 
each species in the region was probably the biggest disappointment for me, 
although that information is available from other sources. 
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A review of this book would not be complete without mention of the beautiful 
illustrations of each species by Dana Gardner. I've always had mixed feelings 
about watercolors, but after seeing these I'm definitely a bigger fan! Each species 
appears in a simple yet realistic setting and the reproduction of color, features, and 
posture are accurate for most species (the owls in particular don't look lifelike). 
While it's difficult to pick a favorite, I was especially impressed with the drawings 
of American bittern, northern shrike, and western meadowlark. Each drawing was a 
full page and nicely complemented the single page of text for each species. 
Overall, Fifty Uncommon Birds of the Upper Midwest provides a different 
and unique look at a subset of the midcontinent's birds. Each species account is 
easy to read and complemented with a nice illustration, although the book 
definitely falls short of being considered a field guide or a serious bird-finding 
guide for the Upper Midwest.-Stephen J. Dinsmore, Department of Natural 
Resource Ecology and Management, Iowa State University, Ames, fA 50011. 
THE COVER AND ITS ARTIST 
The large yellow lady's slipper (Cypripedium pubescens) is an orchid (family 
Orchidaceae) native to several Midwestern states. It prefers deciduous or mixed 
forests with rich, moist soil, and partial sun to light shade. It can grow to 75 cm, with 
leaves up to 15 cm long and 10 cm wide. The blooming period occurs from late 
spring to early summer, and the lower petal is in the shape of a slipper or pouch with 
an opening on top, attracting small bees and flies. 
Melissa Johann is a graduate of Fort Hays State University, Hays, Kansas. 
She has worked with a wide variety of plants and animals in a number of biology 
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